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DESCRIPTION

Introduction. This program, REDUCE, reduces the bandwidth and profile

of sparse symmetric matrices, using row and corresponding column permutations.
It is a realization of the algorithm described by the authors in [4]. It

was extensively tested and compared with several other programs [5] and was
found to be considerably faster than the others, superior for bandwidth
reduction and as satisfactory as any other for profile reduction.

Qutline of the Method. Only an outline of the algorithm is given

here: a detailed description can be found in [4]. The algorithm can

best be described in terms of the adjacency graph, G, which has the charac-

teristic that there is an edge in G between vertices 4 and vj if

and only if a # 0 and 1 ¢ 3.
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Step 1. Find the endpoints of a pseudo-diameter; i.e., a pair of

vertices that are at nearly maximal distance apart. This is done by a
finite, iterative process of determining a vertex that is a maximum
distance away from a given vertex.

Step 2. Given pseudo-diameter endpoints u and v of distance
k apart, partition the set of vertices into levels Ll’ LZ""’Lk such

that adjacent vertices in G are in the same or adjacent levels and

such that max |L1| is nearly minimized.

Step 3. Number the vertices of G, level by level, beginning at
an endpoint of the pseudo-diameter.

Matrix Data Structure. Sparse matrices are typically stored in some

compact form which takes advantage of the sparsity., The data structure

assumed here is one which is commonly used in bandwidth and profile schemes;



e.g., [1], [2], [3] and [6]. Subroutine REDUCE accepts as input a connection
table, C, representing the indices of the nonzero elements of the n x n
matrix A. The connection table has n rows and m columms where m

is the number of off-diagonal nonzero elements in the row which has a
maximum number of off-diagonal nonzero elements (i.e., the maximum degree

of the graph G). The entries in row 1 of C are the column indices

of the nonzero elements in row 1 of the matrix A. For example, if

[(x x 0 0 X

X X 0 X X

(2 5 0]
1 45

c = 4 0 0 .
2 3 0
1 20
L _

The order of indices in a row of C 1is immaterial. The nonzero elements
of the matrix A are never needed, only their indices.

Test Results. REDUCE was tested on an IBM System/360 (model 50)

computer using the FORTRAN IV G and H compilers and on a CDC 6600 computer
using the FORTRAN (RUN) and FORTRAN extended (FTN) compilers.

In another paper [5], the authors compared the execution times, band-
widths and profiles produced by REDUCE with those of five other programs

on a wide range of problems. REDUCE typically produced the smallest
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bandwidths; it produced profiles which were on average as small as those
for any other program; and REDUCE was faster than all the others by at

least an order of magnitude.
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ALGORITHM
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SUBROUTINE REDUCE (NDSTKeNR s JOLDsRENUMINDEG L VL sLVLS1+LVLS2
- cCSTORo!BWZQIPFZ)

SUBROUT INE REDUCE DETERMINES A ROW AND COLUMN PERMUTATION WHICH.
WHEN APPLIED TO A GIVEN SPARSE MATRIX. PRODUCES A PERMUTED
MATRIX WITH A SMALLER BANDWIDTH AND PROFILE.

THE INPUT ARRAY IS A CONNECTION TABLE WHICH REPRESENTS THE
INDICES OF THE NONZERO ELEMENTS OF THE MATRIX. As THE ALGO~-
RITHM 1S DESCRIBED IN TERMS OF THE ADJACENCY GRAPH WHICH

HAS THE CHARACTERISTIC THAT THERE IS AN EDGE (CONNECTION)
BETWEEN NODES | AND J IF A(leJ) oNEe O AND | oNEe Je

DIMENSIONING INFORMATION~-~THE FOLLOWING INTEGER ARRAYS MUST BE
DIMENSIONED IN THE CALLING ROUTINE.

NDSTK(NR+D1) D1 IS +GEe MAXIMUM DEGREE OF ALl NODES.
10LD(D2) D2 AND NR ARE +GEe THE TOTAL NUMBER OF
RENUM(D2+1) NODES IN THE GRAPHe

NDEG(D2) - STORAGE REQUIREMENTS CAN BE SIGNIFICANTLY
Lvi.(D2) DECREASED FOR IBM 360 AND 370 COMPUTERS
LVLS1(D2) BY REPLACING INTEGER NDSTK BY

LvLs2«(be2) INTEGER#2 NDSTK IN SUBROUTINES REDUCE.,
CCSTOR(D2) DGREE+« FNDIAMs TREE AND NUMBER.

COMMON [INFORMATION=~THE FOLLOWING COMMON BLOCK MUST BE IN THE
CALLING ROUTINE.
COMMON/GRA/N+« IDPTH+1DEG

EXPLANATION OF INPUT VARIABLES=--
NDSTK~ CONNECTION TABLE REPRESENTING GRAPH,
NOSTK (] « Jy=NODE NUMBER OF JTH CONNECTION TO NODE
NUMBER Te A CONNECTION OF A NODE TO ITSELF 1S NOT
LISTEDe EXTRA POSITIONS MUST HAVE ZERO FliL.e

NR- ROW DIMENSION ASSIGNED NDSTK IN CALLING PROGRAM.
toLpl )~ NUMBERING OF ITH NODE UPON INPUT,

IF NO NUMBERING EXISTS THEN 10LD([)=le
N~ NUMBER OF NODES IN GRAPH (EQUAL TO ORDER OF MATRIX)a
IDEG~ MAXIMUM DEGREE OF ANY NODE IN THE GRAPHe.

EXPLANATION OF QUTPUT VARIABLES=-
RENUM(1)- THE NEW NUMBER FOR THE ITH NODEe

NDEG(I )~ THE DEGREE OF THE ITH NODEe

1BwW2~ THE BANOWIDTH AFTER RENUMBERINGe

1PF2~ THE PROFILE AFTER RENUMBERINGe

IDPTH- NUMBER OF LEVELS IN REDUCE LEVEL STRUCTURE.

THE FOLLOWING ONLY HAVE MEANING IF THE GRAPH WAS CONNECTED~~

LvL ()~ INDEX INTO LVLS! TO THE FIRST NODE IN LEVEL 1.
LVL I+ =LVL(])= NUMBER OF NODES IN ITH LEVEL

LVLSt~ NODE NUMBERS LISTED BY LEVEL.
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Do
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LVLS2(1)~ THE LEVEL ASSIGNED TO NODE | BY REDUCE.

WORKING STORAGE VARIABLE-~
CCSTOR

LOCAL STORAGE=~
COMMON/CC/-SUBROUTINES REDUCEs SORTZ2 AND PIKLVL ASSUME THAT
THE GRAPH HAS AT MOST S0 CONNECTED COMPONENTS.
SUBROUTINE FNDIAM ASSUMES THAT THERE ARE AT MOST
100 NODES IN THE LAST LEVELe
COMMON/LVLW/-SUBROUTINES SETUP AND PIKLVL ASSUME THAT THERE
ARE AT MOST 100 LEVELSe

USE INTEGER#2 NDSTK WITH AN ]1B8M 360 OR 370.

INTEGER NDSTK
INTEGER STNODE ¢RVYNODE + RENUM ¢ XCeSORT2¢STNUMCCSTOR«SIZE +STPT ¢ SBNUM

COMMON /GRA/ N+IDPTH.I1DEG
IT IS ASSUMED THAT THE GRAPH HAS AT MOST S0 CONNECTED COMPONENTS.

COMMON /CC/ XCoeSIZE(S0)+STPT(50)
DIMENSION CCSTOR(1)+10LD(1)
DIMENSION NDSTK(NR¢1)sLVL(1)sLVLS1(1)eLVLS2(1)sRENUM(])NDEG (1)
1Bw2=0
IPF2=0
SET RENUM(1)=0 FOR ALL 1 TO INDICATE NODE I IS UNNUMBERED
DO 10 1=1eN
RENUM(1)=0
10 CONTINUE

COMPUTE DEGREE OF EACH NODE AND ORIGINAL BANDWIDTH AND PROFILE

CALL DGREE(NDSTK+NR«NDEG+ JOLDs IBWLIPF 1)
SBNUM= LOW END OF AVAILABLE NUMBERS FOR RENUMBER ING
STNUMs HIGH END OF AVAILABLE NUMBERS FOR RENUMBERIMG
SBNUM=1

STNUM=N
NUMBER THE NODES OF DEGREE ZERO

DO 40 1=14N
IF (NDEG(1)eGTe0) GO TO 40
RENUM( I )=STNUM
STNUMESTNUM=|
40 CONTINUE
FIND AN UNNUMBERED NODE OF MIN DEGREE TO START ON
30 LOWDG=1DEG+1
NFLG=1
1SDIR=1
DO 70 I=mi«N
. IEANDEG (1) +GEeLOWDG) GO TQ 79
IF(RENUM(1)eGTo0) GO TO 70
LOWDG=NDEG (I )
- STNODE= |
70 CONTINUE
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FIND PSEUDO-DIAMETER AND ASSOC!ATED LEVEL STRUCTURES.
STNODE AND RVNODE ARE THE ENDS OF THE DIAM AND LVLS] AND LVLSZ2
ARE THE RESPECTIVE LEVEL STRUCTURES.
CALL FNDIAM(STNODE +RVNODE s NDSTKeNR «NDEG+sL VL. o LVLS1 oL VL. S2+¢CCSTOR
~1DFLT) -
IF(NDEG(STNODE )¢ LE«NDEG(RVNODE)Y) GO TO 75
NFLG INDICATES THE END TO BEGIN NUMBERING ON
NFLG==1
STNODE2RVNODE
78 CALL SETURP(LVLLVLSI LVLS2)
FIND ALL THE CONNECTED COMPONENTS (XC COUNTS THEM)
XC=0
LROOT=1
LVLN=]
DO 80 I=1eN
IF(LVL(I)eNE.O) GO TO 80
XCaXC+1
STPT(XC)=LROOT

CALL TREE (1 +NDSTKeNRLVL s CCSTORINDEG ¢ LVLWTHLVLBOT+LVLNIMAXLWIN)

SIZE(XC)=L VLBOTH+LVLWTH~-LROOT
LROOT =L VLBOT+LVLWTH
LVLN=LROOT
80 CONTINUE
IF(SORT2(DMY )eEQeO) GO TO 90
CALL PIKLVLILVLS] oL VLS2+CCSTORIDFLT«ISDIR)
ON RETURN FROM PIKLVLs ISDIR INDICATES THE DIRECTION THE LARGEST
COMPONENT FELL ISDIR 1S MODIFIED NOW TO INDICATE THME NUMBERING
DIRECTIONe NUM [S SET TO THE PROPER VALUE FOR THIS DIRECTION.
90 ISDIR=1SDIR#NFLG
NUM=SBNUM
IF(ISDIReLTe0) NUM=STNUM
CALL NUMBER(STNODE ¢sNUMINDSTK ¢+ LVLS2+NDEG+sRENUMLVLS] «L VLo NRINFLG
~1BW2+1PF2.CCSTORs ISDIR)
URPDATE STNUM OR SBNUM AFTER NUMBERING
IF(ISOIReLTe0) STNUM=NUM
IF(ISDIReGT«0) SBNUM=NUM
IF(SBNUM«LE«STNUM) GO TO SO
IF(1BW2eLEe IBW! ) RETURN
IF ORIGINAL NUMBERING IS BETTER THAN NEW ONE. SET UP TO RETURN IT
DO 100 I=1eN
RENUMITI)=IOLD(])
100 CONTINUE
IBw2=1BWI]
IPF2=1PF1
RETURN
END
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SUBROUT INE DGREE (NDSTK sNR:NDEGe10LD+ IBWL ¢ IPF1)

DGREE COMPUTES THE DEGREE OF EACH NODE IN NDSTK AND STORES
IT IN THE ARRAY NDEGe THE BANDWIDTH AND PROFILE FOR THE ORIGINAL

OR INPUT RENUMBERING OF THE GRAPH 1S COMPUTED ALSO.
USE INTEGER#2 NDSTK WITH AN [IBM 360 OR 370

INTEGER NDSTK
COMMON /GRA/ N+IDPTH,I1DEG
DIMENSION NDSTK(NR+1 ) NDEG(1)+10LD(1)
1Bwy=0
1PF1=0
DO 100 1=14N
NDEG(1)=0
IRW=0
DO B0 J=].,IDEG
1TST=NDSTK(].J)
IF(ITST) 9049050
S0 NDEG(1)=NDEG(I1)1+1
IDIF=10LD(1)-IOLD(ITST)
IF(IRWeLTeIDIF) IRWSIDIF
80 CONT INUE
90 IPFIsIPFl+IRW
IF(IRWeGT+1BWl) 1Bwl=IRwW
100 CONTINUE
RETURN
END
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SUBROUTINE FNDIAM{SND1 ¢ SND2+NDSTK+NReNDEG oL VL o LLVLS1 ¢LVLSZ2
-1WKIDFLT)

FNDIAM 1S THE CONTROL PROCEDURE FOR FINDING THE PS3EUDO-DIAME TER OF
NDSTK AS WELL AS THE LEVEL STRUCTURE FROM EACH END

SND1~ ON INPUT THIS IS THE NODE NUMBER OF THE FIRST
ATTEMPT AT FINDING A DIAMETERe ON OUTPUT IT
CONTAINS THE ACTUAL NUMBER USEDe

SND2~- ON OUTPUT CONTAINS OTHER END OF DIAMETER
LvLS1 - ARRAY CONTAINING LEVEL STRUCTURE wlITH SND! AS ROOT
LvLS2~ ARRAY CONTAINING LEVEL STRUCTURE WITiH SND2 AS ROOT
IDFLT~ FLAG USED IN PICKING FINAL LEVEL STRUCTURE. SET

=] IF WIDTH OF LVLS! eLEe WIDTH OF LVLS2s OTHERWISE =2
LVL o L WK= WORK ING STORAGE

USE [INTEGER¥2 NDSTK WITH AN IBM 360 OR 370.

INTEGER NDSTK
INTEGER FLAG«SND+SND!I ¢« SND2

COMMON /GRA/ N I1DPTH
IT IS ASSUMED THAT THE LAST LEVEL HAS AT MOST 100 NODES,

COMMON /CC/ NDLST(100)
DIMENSION NDSTK(NRe1 )IoNDEGIT 1oL VL (] )eLVLST (1)L VLS2(] e IWKI(])
FLAG=0
MTw2=N
SND=SND1
ZERO LvL TO INDICATE ALL NODES ARE AVAILABLE TO THEE
20 DO 25 I=1.N
LtvL(1)3=0
25 CONTINUE
LVLN=]
DROP A TREE FROM SND
CALL TREE (SND«NDSTK eNRoLVL s IWKeNDEGsLVLWTHLVLBOT s LVENsMAXLW sMTW2)
IF(FLAGeGEel) GO TO 110
FLAG=1
70 10PTH=LVLN-I
MTWI=MAXL W
COPY LEVEL STRUCTURE INTO LVLSI
DO 75 I=1.«N
LVvLSL(Ty=LVvL (D)
75 CONTINUE
NOXN=1
NDXL =0
MTw2=N



C SORT. LAST LEVEL By DEGREE AND STORE IN NDLST
CALL SORTDG(NOLST ¢ IWK (LVLBOT ) eNDXL + LVLWTH'NDEG )

SND=NDLST (1)
GO 10 20
110 IF(IDPTHeGEeLVLN-1) GO TO 120
C START AGAIN WITH NEW STARTING NODE
SND1=SND
GO 10O 70
120 IF(MAXLWsGEeMTWZ2) GO TO 130
MTW2=MAXL W
SND2=SND
C STORE NARROWEST REVERSE LEVEL STRUCTURE IN LwLS2
DO 125 1=14+N
LVLS2((T)yaLVvL (1)
125 CONTINUE
130 IF(NDXNeEQeNDXL ) GO TO 140
C TRY NEXT NODE IN NDLST
NDXN=NDXN+1
SND=NDL ST (NDXN)
GO YO 20
140 1DFLT=1
IF(MTW2aLEoMTW! ) IDFLT=2
RETURN
END
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SUBROUT INE TREE(IROOTeNDSTK«NRLVL ¢+ IWKsNDEGsLVLWTHLVLBOT s
~LVLN«MAXLWe IBORT)

TREE DROPS A TREE IN NDSTK FROM [ROOT

LvL -

JwK~

LVLWTH-

LvVLBOT~

MA XL W~
LVLN-

IBORT~

ARRAY INDICATING AVAILABLE NODES IN NDSTK WITH ZERO
ENTRIESe TREE ENTERS LEVEL NUMBERS ASSIGNED

DURING EXECUTION OF THIS PROCEDURE

ON OUTPUT CONTAINS NODE NUMBERS USED IN TREE
ARRANGED BY LEVELS (IWK(LVLN) CONTAINS IROOT

AND WK (LVLBOT+LVLWTH=-1) CONTAINS LAST NODE ENTERED)
ON QUTPUT CONTAINS WIDTH OF LLAST LEVEL

ON OUTPRUT CONTAINS INDEX INTO IwWK OF FIRST

NODE IN LAST LEVEL

ON OUTPUT CONTAINS THE MAXIMUM LEVEL WIDTH

ON INPUT THE FIRST AVAILABLE LOCATION IN IwK
USUALLY ONE BUT IF IwK IS USED TO STORE PREVIOUS
CONNECTED COMPONENTSs LVLN IS NEXT AVAILABLE LOCATION.
ON OUTPUT THE TOTAL NUMBER OF LEVELS + 1

INPUT PARAM WHICH TRIGGERS EARLY RETURN I[F

MAXLW BECOMES «+GEe IBORT

USE INTEGER#2 NDSTK WITH AN IBM 360 OR 370.

INTEGER NDSTK
DIMENSION NDSTK(NRe1)sLVL(1)sIWK(1)sNDEG(1)

MAXLW=0
1 TOP=LVLN
INOW=LVLN

LVLBOT=LVLN
LVLTOP=LVILN+)

LVLN=1

LVL(IRQOT )=y
IWK(ITOP)=1ROOT
30 LVLN=LVLN+1]
35 1WKNOW=IwK ( INOW)

NDROW=NDEG ( | WKNOW )

DO 40 J=] ¢NDROW
ITEST=NDSTK { JWKNOW.J)
IF(LVL(ITEST)eNE«O) GO TO 40
LVLIITEST)=LVLN
1ITOP=[TOP+1
IWK(ITOP)=ITEST

40 CONTINUE

INOW= I NOW+1
IFCINOWSLTLVLTOP) GO TO 35
LVLWTHsSLVLTOP-LVLBOT
IFAMAXLWeLToLVLWTH) MAXLWSLVLWTH
1F (MAXLWeGE » IBORT ) RETURN
IF(ITOR.ToLVLTORP)Y RETURN

LVLBOT=INOW
LVLTOP=1TOP+1

GO TO 30

END

11
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SUBROUT INE SORTDG(STK] ¢STK2¢X1 e X2 ¢NDEG)

SORTDG SORTS STKZ2 BY DEGREE OF THE NODE AND ADDS IT TO THE END
OF STK1 IN ORDER OF LOWEST TO HIGHEST DEGREEe X1 AND X2 ARE THE

NUMBER OF NODES IN STK1 AND STK2 RESPECTIVELY,

INTEGER X1 eXBeSTK] «STK2:TEMP
COMMON /GRA/ N4 IDPTH
DIMENSION NDEG(1)+STKI(1)eSTK2(1)
IND=X2
10 ITEST=0
IND= IND-1
IF(INDeLT#l) GO TO 40
DO 30 1=l .IND
Jel+l
ISTK2=STK2 (1)
JSTK2=STK2 (J)
IF(NDEG(ISTKD )elL.EeNDEG(JUSTK2)) GO TO 30
ITEST=])
TEMP=STK2( 1)
STK2(1)=STK2 (J)
STK2(J)=TEMP
30 CONTINUE
IF(ITESTeEQel) GO TO 10
40 DO 50 I=m].x2
X1=X1+1
STK] (X1 )=8TK2(1)
S0 CONTINUE
RE TURN
END

12
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SUBROUT INE SETUP (LVL oLVLS1 +LVLS2)

SETUP COMPUTES THE REVERSE LEVELING INFO FROM LVL.52 AND STORES

Ir
ON

INTO LVLS2e NACUM(I)Y IS INITIALIZED TO NODES/ITH LEVEL FOR NODES
THE PSEUDO-DIAMETER OF THE GRAPHe (1.VL 1S INITIALIZED TO NON-

ZERO FOR NODES ON THE PSEUDO-DIAM AND NODES IN A DIFFERENT
COMPONENT OF THE GRAPHe

IT

30

100
140

COMMON /GRA/ N+ IDPTH
IS ASSUMED THAT THERE ARE AT MOST 106G LEVELSe

COMMON /L.VLW/ NHIGH(100) «NLOW(100)«NACUM(100)

DIMENSION LVL (1)eLVLSI(1)oLVLS2(1)

DO 30 [=141DPTH
NACUM(1)=0

CONTINUE

DO 140 [=14N
Lvi (1) =}
LVLS2(1)=10PTH+LI~LVLS2(1])
ITEMP=LVLS2(1)
IF(ITEMP«GTIDPTHY GO TO 140
IF(ITEMPaNESLVLS1(1)) GO TO 100
NACUM(ITEMPR )=NACUM(ITEMP ) +1

GO TO 140
Lv(1)=0
CONT INUE
RETURN
END

13
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INTEGER FUNCTION SORTZ2(DMY)

SORT2 SORTS SIZE AND STPT INTO DESCENDING ORDER ACCORDING TO
VALUES OF SIZEe XC=NUMBER OF ENTRIES IN EACH ARRAY

INTEGER TEMPR+CCSTORSIZE«STPTeXC
IT IS ASSUMED THAT THE GRAPH HAS AT MOST S0 CONNECTED COMPONENTS.

COMMON /CC/ XCoSIZE(S50)+STPT(50)

SORT2=0

IF(XCeEQeQ) RETURN

SORT2=1

IND=XC

10 ITEST=O

IND= IND~1

IF(INDeLTel ) RETURN

DO 17 Is14IND
Jel+1
IF(SIZE(]1)eGESSIZE(J)) GO TO 17
ITEST=])
TEMP=S]ZE(])
SIZE(])¥=SIZE(J)
SIZE(J)sTEMP
TEMP=STRT(1])
STPT(1)=sSTPT(J)
STPT(J)=TEMP

17 CONTINUE

IF(ITEST«EGel) GO TO 1O

RETURN

ENO



SUBROUT INE PIKLVL (LVLS]1 +LVLS2+CCSTORCIDFLTISDIRY

C
C PIKLVL CHOOSES THE LEVEL STRUCTURE USED IN NUMBERING GRAPMH
C
C LVLSt~- ON INPUT CONTAINS FORWARD LEVELING INFO
C LvLSZ2~ ON INPUT CONTAINS REVERSE LEVELING INFO
Cc ON OUTPUT THE FINAL LEVEL STRUCTURE CHOSEN
C CCSTOR- ON INPUT CONTAINS CONNECTED COMPONENT INFO
C IOFLT- ON INPUT =1 IF WOTH LVLSI®*#WDTH tVvLS2s =2 OTHERWISE
C NHIGH KEEPS TRACK OF LEVEL WIDTHS FOR HIGH NUMBERING
C NLOW- KEERPS TRACK OF LEVEL WIDTHS FOR LOW NUMBERING
C  NACUM- KEEPS TRACK OF LEVEL WIDTHS FOR CHOSEN LEVEL STRUCTURE
C XC- NUMBER OF CONNECTED COMPONENTS
C SlzeE(1)~- SIZE OF ITH CONNECTED COMPONENT
C STPT(l)~ INDEX INTO CCSTORE OF 1ST NODE IN 1TH CON COMPT
C 1ISDIR~ FLAG WHICH INDICATES WHICH WAY THE LARGEST CONNECTED
C COMPONENT FELLe =+1 IF LOW AND -1 IF HIGH
C
INTEGER CCSTORSIZE+STPTeXC+END
COMMON /GRA/ N+1DPTH
c
C IT 1S ASSUMED THAT THE GRAPH HAS AT MOST S0 COMPONENTS AND
C THAT THERE ARE AT MOST 100 LEVELS.
C

COMMON /L VLW/ NHIGH( 1001 +NLOW(100) e NACUM(100)
COMMON /CC/ XCeS1ZE(S0)+STRT(S0)
DIMENSION LVLS1(1)sLVLS2(1)+CCSTOR(1)
C FOR EACH CONNECTED COMPONENT DO
DO 270 I=1.XC
J=STPT(1)
END=SIZE(1)+J-])
C SET NHIGH AND NLOW EQUAL TO NACUM
DO 20S K=1+1DPTH
NHIGH (K )aNACUM(K)
NLOW (K ) =NACUM (K )
205 CONTINUE
C UPDATE NHIGH AND NLOW FOR EACH NODE IN CONNECTED COMPONENT
DO 210 KsJEND
INODE=CCSTOR(K)
LVLNH=LVLS1 ( INODE)
NHIGH (LVLNH)sNHIGH(LVLNH ) +1
LVLNL =LVLS2(INODE)
NLOW (LVLNL ) =NL.LOW (LVLNL ) +1
210 CONT INUE
MAX1=0
MAX2=0
C SET MAX1=LARGEST NEW NUMBER IN NHIGH
C BET MAX2=LARGEST NEW NUMBER IN NLOW
DO 240 K={i+1DPTH
IF (2RNACUM (K ) e EQoNLOW (K I+NHIGHIK)Y )Y GO TO 240
IF(NHIGH (K ) eGTeMAX]1 ) MAX]I=NHIGH(K)
IFINLOW(K)¢GTeMAX2) MAXZ2=NLOWIK)
240 CONTINUE

15




C SET IT= NUMBER| OF LEVEL STRUCTURE TO BE USED
1T=1
IF(MAX1 ¢GTeMAX2) IT=2
lF(MAXloEé.MAXZ) 1 T=1DFLT
IF(1TeEQe2) GO TO 265
IF(leEQel 1SOIR=~-])
C COPY LVLS! INTO LVLS2 FOR EACH NODE IN CONNECTED COMPONENT
DO 260 K=J+END
INODE=CCSTOR (K )
LVLS2 ( INODE ) sLVLS] ( INODE )
260 CONTINUE l
C UPDATE NACUM TO BE THE SAME AS NHIGH
DO 262 Ktﬁo!DPTH

NACUM(IK 1 =sNHIGH (K)
262  CONTINUE
GO TO 270 |
C UPDATE NACUM TO BE THE SAME AS NLOW
265 DO 267 K=1+1DPTH
NACUM(K ysNt_OW (K)

267  CONTINUE |
270 CONTINUE
RETURN
END |
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SUBROUTINE NUMBER (SND«NUMINDSTK o L.VLL.S2¢NDEG ¢ RENMUM s L VL ST LSTPT o NR o
~NFLG+ IBW24+ IPF2.1PFAISDIR)Y

NUMBER PRODUCES THE NUMBERING OF THE GRAPH FOR MIN BANDWIDTH

SND=~

NUM~
LvLsa-
RENUM-
LVLST-
LSTPT (1)~

NFL G-~

1Bwa-
1PF2-
IPFA-
ISDIR-

ON INPUT THE NODE TO BEGIN NUMBERING ON

ON INPUT AND OUTPUTe THE NEXT AVAILABLE NUMBER

THE LEVEL STRUCTURE TO BE USED IN NUMBERING

THE ARRAY USED TO STORE THE NEW NUMBERING

ON OUTPUT CONTAINS LEVEL STRUCTURE

ON OUTPUT+ INDEX INTO LVLST TO FIRST NODE IN ITH LVL
LSTPTU(1+1) - LSTPT(Il) = NUMBER OF NODES IN ITH LVL
=+1 IF SND IS FORWARD END OF PSEUDO~-DIAM

=—1 IF SND IS REVERSE END OF PRPSEUDO-DIAM

BANDWIDTH OF NEwW NUMBERING COMPUTED BY NUMBER

PROF ILE OF NEW NUMBERING COMPUTED BY NUMBER

WORKING STORAGE USED TO COMPUTE PROFILE AND BANDWIDTH
INDICATES STEP DIRECTION USED IN NUMBERING(+1 OR -1)

USE INTEGER#¥2 NDSTK WITH AN 18BM 360 OR 370,

INTEGER NDSTK
INTEGER SND¢STKA¢STKBeSTKCsSTKDeXAeXBoXCeXDeCX eEND +RENUM TEST
COMMON /GRA/ N+ IDPTH,.IDEG

THE STORAGE IN COMMON BLOCKS CC AND LVLW IS NOW FREE AND CAN
BE USED FOR STACKS.

COMMON /LVLW/ STKA(100)+4STKB(100)+STKC(100)

COMMON /CC/ STKD(100)

DIMENSION IPFA(L)

DIMENSION NDSTK(NRe1)eLVLS2(1)sNDEG(])+RENUM(] ) 2LVLST(1)LSTPT(I)
SET UP LVLST AND LSTPT FROM LVLS2

PO 3 [=14¢N

IPFA(1)Y=0

3 CONTINUE
NSTPT=1

DO S 1=1+1DPTH
LSTPT (1 ysNSTPT
DO S J=1.N
IFILVLS2(J)eNEe]l) GO TO 5
LVLSTINSTPT)=J
NSTPT=NSTPT+1

S CONTINUE

LSTPTY(IDPTH+1 )=NSTPT
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STKAs, STKBes STKC AND STKD ARE STACKS wITH POINTERS
XA+sXBeXCe AND XDe CX 1S A SPECIAL POINTER INTO STKC WHICH
INDICATES THE PARTICULAR NODE BEING PROCESSED. A
LVLN KEEPS TRAFK OF THE LEVEL WE ARE WORKING ATs
INITIALLY STKC' CONTAINS ONLY THE INITIAL NODEe« SNDe
LVLN=0
IF(NFLG-LTob) LVLN=IDPTH+1
XCx1
srxc:xcysswp
10 Cx=1
XD=0
LVLNSLVLN+NFLG
LSTSLSTPT(LVLN)
LNDSLSTRPT(LVLN+1)~1
BEGIN PROCESSING NODE STKC(CX)
20 [PRO=STKC(CX)
RENUM ( 1 PRO ) =NUM
UM:NUM+!SPé
END=NDEG ( 1 PRO)
XA=0 ‘
XB=0
CHECK ALL ADJACENT NODES
DO S0 =1 4END
TESTaNDSTK(IPROs 1)
INX=RENUM(TEST)
ONLY NODES Norrnuneeneo OR ALREADY ON A STACK ARE ADDED
IF(INXeEQeO) GO TO 30
IF(INXeLLTe0) GO TO S50
DO PRELIMINARY BANDWIDTH AND PROFILE CALCULAT]ONS
Naw-«RENUi(lPRO:-!Nx)*lsolR
IF(ISDIReGTe0) INX=RENUM(1IPRO)
IF(IPFACINX)oLTeNBW) IPFA(INX)=NBW
GO TO S0
30 RENUM(TEST ) ==~1
PUT NODES ON SAME LEVEL ON STKA. ALL OTHERS ON STKkB
IF(LVLS2(TEST)eEQeLVLS2(IPRO)) GO TO 40
XBaXB+1 l
STKB(XB)=sTEST
GO TO SO |
40 XA=XA+1 |
STKA(XA)=TEST
50 CONTINUE
SORT STKA AND STKB INTO INCREASING DEGREE AND ADD STKA TO STKC
AND STKB TO STKD
IF(XAEQe0Q) GO TO S5
IF(XAeEQel) GO TO 52
CALL soarocJsrxc.srna.xc.xA.NDEG)
GO TO 55
%2 XCuxXC+1 |
STKC(XC)=STKA(XA)
55 lF(xB-EQ-O)JGO TO 65
IF(XBeEQel) GO TO 62
CALL SORTDGﬂSTKDoSTKB.XDoxBoNDEG)
GO TQ 65
62 XD=XD+1
STKD (XD ) =STKB (XB)
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BE SURE TO PROCESS ALL NODES IN STKC
65 CX=CX+1
IF(XCeGES»CX) GO TO 20
WHEN STKC IS EXHAUSTED LOOK FOR MIN DEGREE NODE IN SAME LEVEL
WHICH HAS NOT BEEN PROCESSED
MAX=IDEG+1
SND=N+1
DO 70 1=LSTsLND
TEST=LVLST (1)
IF(RENUM(TEST )eNEeO) GO TO 70
IF(NDEG(TEST)eGEeMAX) GO TO 70
RENUM(SND )Y =0
RENUMI(TEST ==}
MAX=NDEG(TEST)
SND=TEST
70 CONT INUE
JIF(SNDeEQeN+1) GO TO 75
XC=XC+1
STKC (XC)=SND
GO TO 20
IF STKD IS EMPTY WE ARE DONEs OTHERWISE COPY STKD ONTO STKC
AND BEGIN PROCESSING NEW STKC
75 IF(XDeEQe0O)Y GO TO 100
DO 80 I=1+XD
STKC(1)y=eSTKD( 1)
80 CONTINUE
XC=XD
GO TO 10
DO FINAL BANDWIDTH AND PROFILE CALCULATIONS
100 DO 120 [1=1N
IF(IPFA(I)eGTeIBW2) I1BW2=1PFAL(L])
IPF2=1PF2+IPFA(])
120 CONTINUE
RETURN

END
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